This study was undertaken to evaluate outcomes for single (SLT) vs. bilateral lung transplantation (BLT) in patients with interstitial lung disease (ILD). One hundred and eleven patients with ILD who underwent lung transplantation between January 1993 and March 2009 were evaluated. Recipients with BLT were younger (43 ± 12 vs. 57 ± 7 years), and significantly more patients with non-idiopathic pulmonary fibrosis (IPF) received BLT (50%) vs. patients with IPF (18%). BLT recipients had a significantly longer mean waitlist time (240 vs. 125 days), significantly higher systolic (51 ± 18 vs. 40 ± 11 mmHg) pulmonary artery pressures, were placed on cardiopulmonary bypass more frequently (67 vs. 31%), had a higher incidence of primary graft dysfunction (63 vs. 17%), more frequently were given prolonged peri-operative inhaled nitric oxide and more frequently required prolonged post-operative mechanical ventilatory support (6.0 vs. 1.7 days). Additionally, BLT recipients had a significantly longer intensive care unit (8 vs. 4 days) and hospital (24 vs. 15 days) length of stay. We did not detect a difference in survival (Kaplan-Meier) for SLT vs. BLT. Our findings suggest that outcomes for SLT for patients with ILD are comparable or somewhat superior to those for BLT, and short-and long-term survival are not significantly different for the two procedures.
INTRODUCTION
The interstitial lung diseases (ILD) comprise a heterogeneous group of diffuse parenchymal lung disorders that are often associated with significant lung fibrosis [1, 2] . Many of these disorders, especially idiopathic pulmonary fibrosis (IPF), are subacute or chronic conditions that can lead to respiratory insufficiency and death. IPF is the most commonly diagnosed form of idiopathic interstitial pneumonia, and epidemiologic studies have shown a significant incidence and prevalence rate for IPF and other forms of ILD that can lead to end-stage fibrosis [3] . Currently available pharmacologic therapies such as corticosteroids or cytotoxic agents may not arrest the disease process for many forms of ILD, especially if the diagnosis is IPF, and progressive respiratory failure and death is particularly likely to occur in patients with IPF [4] . The high failure rate of currently available treatments for advanced lung disease due to ILD makes alternative therapeutic options a necessity. Because of the poor outcomes with non-surgical therapies for advanced forms of ILD and particularly IPF, referral to a lung transplant centre has been recommended at the time of diagnosis [5] .
Lung transplantation (LTX) is a therapeutic option for selected patients with severe ILD refractory to medical therapy that can potentially improve both the quality of life and survival [6] . According to the latest data from the International Society for Heart and Lung Transplantation (ISHLT), IPF represents 2.9% of heart-lung transplants, 29.1% of single lung transplantations (SLTs) and 14.5% of sequential bilateral lung transplants (BLTs) performed in the adult population [7] . Although many obstacles to LTX remain, such as the shortage of donor lungs, opportunistic infection or refractory/fatal allograft rejection and the recurrence of disease in the donor lung, LTX is the ultimate treatment for patients with progressive loss of pulmonary function due to progressive pulmonary fibrosis.
The question of which procedure provides optimum results for patients with ILD and, in particular patients with IPF, has generated a considerable amount of debate. One donor can benefit two recipients when SLT is performed, and SLT allows transplant to succeed when only one of two donor lungs is acceptable for transplant or when recipients have contraindications to lung implantation in one hemithorax due to severe pleural or chest wall issues. Additionally, SLT can have good functional outcomes and can be performed more rapidly and with less peri-operative complications than BLT. However, native lung complications such as opportunistic infection or pneumothorax may occur when SLT is performed for pulmonary fibrosis [8] . BLT can potentially provide improved functional outcomes and better long-term survival while eliminating the potential for complications to occur in a residual native lung, and recipients may be better able to tolerate chronic complications such as bronchiolitis obliterans syndrome (BOS). However, BLT is a more complicated operation that can be associated with increased peri-operative complications and early mortality, and if patients are listed for BLT only, they have an increased risk of dying on the waitlist [9] . It still remains controversial which procedure, SLT or BLT, is more beneficial to ILD patients.
The purpose of this study is to determine whether significant differences for SLT vs. BLT could be found in our cohort of patients with ILD and the subset of ILD patients with IPF. We examined our outcome data for recipient survival for SLT vs. BLT performed on patients with ILD and also analyzed these data for the subset of patients with IPF.
PATIENTS AND METHODS

Donor and recipient characteristics
Between January 1993 and March 2009, a total of 423 lung transplants from deceased donors were performed in 405 patients at UWHC. Among these patients, 111 (26.2%) consecutive patients with ILD (IPF = 79, sarcoidosis = 12, lymphangioleiomyomatosis = 4 and other forms of ILD = 16) underwent LTX. Primary graft dysfunction (PGD) was defined and graded according to the ISHLT definition: PaO 2 /FiO 2 < 300 and a chest radiograph with a characteristic diffuse infiltrates [10] . BOS was also defined by ISHLT criteria [11] . Patient demographics, donor characteristics, graft function, post-transplant complications and patient and graft survival rates were assessed.
Organ procurement and preservation
After median sternotomy, 30 000 units of heparin and 10 mg of phentolamine were given intravenously to prevent vasospasm and to facilitate subsequent organ flushing. Four litres of preservative solution is infused in situ via the main pulmonary artery, and 2 l of retrograde flush through the pulmonary veins. The majority of our donors were perfused with UW solution, but since 2007 patients exclusively received Perfadex® (Vitrolife, Göteborg, Sweden) as the preservation solution. The lungs are then stored in the preservation solution at 4°C and returned to our centre.
Indication for single or bilateral lung transplantation
All patients with ILD are listed for either BLT or SLT to decrease the risk of death on the waitlist while awaiting transplantation [9] . Decisions are based on recipient variables as well as quality of the donor lungs. If donor lungs are considered marginal or if the donor is a donation after cardiac death donor, the recipient will likely receive both lungs. If the donor lung meets the standard criteria, we would not hesitate to use a single lung only to provide benefit to two recipients.
Statistical analysis
Categorical data were summarized with frequency distributions and percentages. The mean ± standard deviations were calculated for variables that were normally distributed, and the medians with IQRs were presented for those that were skewed. Continuous variables were compared by the unpaired t-test or non-parametric Mann-Whitney U-test, whereas nominal variables were compared by means of the χ 2 or the Fisher's exact test, as appropriate. The Kaplan-Meier method was used to assess lung transplant patient survival, lung graft survival and freedom from airway complications and BOS. Log-rank tests were used to assess statistical significance in survival differences between the pre-LAS and LAS groups. A P-value of <0.05 (twosided) was considered to be statistically significant. All analyses were performed using the SPSS statistical software program (SPSS for Windows version 17.0; SPSS Inc., Chicago, IL, USA).
RESULTS
The overall survival rate of the lung transplant recipients with IPF at 1, 3, 5 and 10 years were 82.3, 63.4, 63.4 and 40.1%, respectively. To evaluate the impact of the type of lung transplant procedure for ILD patients, the patients who underwent SLT (n = 81) were compared with those with BLT (n = 30). For the BLT group, the age of the recipients was significantly younger (P < 0.01); the proportion of those with a diagnosis of IPF was lower (P < 0.01), % predicted forced expiratory volume in 1 s (FEV1) was lower (P = 0.01) and the recipients had higher pulmonary artery pressure (P < 0.01), when compared with the SLT recipients ( Table 1 ). The waiting time for transplant was significantly longer (P = 0.03), the utilization of cardiopulmonary bypass was more frequent (P < 0.01) and the cold ischemic time was longer (P < 0.01) in the BLT recipients.
In regard to post-operative outcomes, the BLT recipients had a higher incidence of PGD (grade 2 or 3, P < 0.01). BLT recipients also required more prolonged iNO, mechanical ventilator support and intensive care unit (ICU) and hospital stay (P < 0.01). However, the hospital mortality was not statistically different between the two procedures (7.4% in SLT vs. 13.3% in BLT, P = 0.46, Table 2 ).
The post-transplant survival rates at 1, 3, 5 and 10 years were not different between the two procedures (81.8, 65.4, 62.7 and 39.0% in SLT vs. 73.0, 60.2, 53.5 and 42.8% in BLT, P = 0.86, Fig. 1 ). The post-transplant % of predicted FEV1 and freedom from BOS were not statistically different for BLT vs. SLT recipients (Figs 2 and 3) . Similarly, post-transplant survival for the subset of patients with IPF as their transplant indication was not significant for SLT vs. BLT. The 1-, 3-, 5-and 10-year survival rates for SLT were 81.7, 65.1, 65.1 and 48.5%, and the 1-, 3-, 5-and 10-year survival rates for BLT were 85.7, 55.1, 55.1 and 55.1% (Fig. 4) .
DISCUSSION
Our analysis of the data for SLT vs. BLT recipients also revealed some interesting trends. Patients who received BLT were significantly younger, had higher pre-transplant pulmonary artery pressure, had increased cold ischemia time and more frequently required cardiopulmonary bypass support vs. SLT recipients. BLT was more frequently performed for non-IPF ILD than for recipients with IPF. Patients who underwent BLT had a significantly prolonged wait time that was double that for SLT recipients. Our cohort was too small to assess the risk of death on the waitlist for patients listed for BLT only, but an analysis of UNOS data by Nathan et al. [9] has shown that patients listed for BLT only are at increased risk of dying without receiving donor lungs. Interestingly, although BLT recipients required significantly more prolonged nitric oxide administration, more prolonged mechanical ventilation and had longer length of stay in the ICU and considerably prolonged hospital length of stay, we did not detect any significant difference in post-transplant survival for BLT vs. SLT recipients.
Although some centres have reported worse survival outcomes for IPF patients receiving SLT vs. BLT [12, 13] , other reports that comprise a more comprehensive data set suggest that post-transplant survival for patients undergoing SLT is not significantly different than that for BLT for patients with IPF [14] . Thabut et al. [14] examined survival for 2146 patients who received SLT for IPF vs. 1181 who received BLT between 1987 and 2009 and concluded that survival was not significantly different for SLT vs. BLT, but the data showed short-term worsened survival for BLT vs. SLT but long-term benefit for BLT.
Our data do not show a negative impact of SLT on overall survival when compared with BLT for our entire cohort of ILD patients. Similarly, although the number of IPF patients who received a BLT was only 14 vs. 65 patients who received SLT, a similar survival pattern was found for recipients with IPF, which are consistent with other reports in the literature [13, 14] , although high-risk patients [those with high lung allocation scores (LASs)] have been suggested to have better survival with BLT vs. SLT [12] . Weiss et al. [15] have also found that high-LASs correlate with lower short-term survival for patients with pulmonary fibrosis. Unfortunately, our patient cohort was not large enough to detect a significant impact of LAS on overall survival or outcomes for SLT vs. BLT. Limitations of this study include the retrospective analysis of our data. Our clinical data were obtained by the chart review, which has inherent limitations that include access and accuracy of the recorded data. Additionally, as a retrospective observational study, it can be subject to selection bias and incomplete data collection. However, the data used in the analysis were all prospectively obtained in our transplant database for all ILD patients.
In summary, we found no significant difference in posttransplant survival for SLT vs. BLT recipients. Our data and data published by other investigators indicate that for the subset of transplant candidates with ILD, outcomes with SLT are acceptable. SLT may pose less risk for older patients, particularly when significant co-morbidities are present. However, BLT may be a preferable operation for younger patients, especially if significant pulmonary hypertension is present. As shown by Nathan et al. [9] , however, listing for BLT only vs. SLT or BLT can increase wait time and may place a potential recipient with fibrotic lung disease at increased risk for death while awaiting transplant. Additional clinical research is needed to determine if significant differences in outcomes exist for patients with high LAS values who undergo SLT vs. BLT. 
